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@ Ceramic honeycomb structural body and catalyst comprising the same. 



® A ceramic honeycomb catalyst includes a thin- 
walled honeycomb structural body (10) and a cata- 
lytic substance carried by the honeycomb structural 
body (10). The honeycomb structural body (10) has 
a number of longitudinally extending flow passages 
(13) defined by an outer peripheral wall (11) and 
partition walls (12) with a reduced thickness (t). The 
honeycomb structural body (10) satisfies particular 
relationships between the partition wall thickness (t) 
and the open frontal area (OFA) or bulk density (G). 
Notwithstanding the thin-walled partition walls, the 
honeycomb structural body (10) has practically sat- 
isfactory compressive strength characteristics. The 
catalyst comprising the honeycomb structural body 
(10) has reduced pressure loss and heat capacity. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a ceramic hon- 
eycomb structural body suitable for a catalyst car- 
rier, wherein a number of flow channels having a 
polygonal cell-like cross-section and extending lon- 
gitudinally through the honeycomb structural body 
are defined by a peripheral wall and partition walls 
arranged insld'e of the peripheral wall. 

The present invention also relates to a ceramic 
honeycomb catalyst comprising such a honeycomb 
structural body and a catalytic substance carried 
thereon. 

2. Description of the Related Art 

The ceramic honeycomb structural body hav- 
ing the above-mentioned arrangement is widely 
used, for example, as a catalyst carrier in an ex- 
haust gas cleaning system for automobiles. The 
ceramic honeycomb structural body as the catalyst 
carrier has become widespread due to a low pres- 
sure loss during passage of the exhaust gas as a 
result of. a high open frontal area, and an excellent 
exhaust gas clarifying performance. In this connec- 
tion, an advanced ceramic honeycomb structural 
body which has been put into practical use has, for 
example, a partition wall thickness of 0.170 mm 
and a cell density of 60 cells per 1 cm^. 

In accordance with a recent enhancement in 
the exhaust gas regulation as related to environ- 
mental problems, e.g., a requirement for reduction 
in the total emission amount of hydrocarbon In the 
LA-4 mode which is one of exhaust gas evaluation 
test modes in the United States, there is a strong 
demand for an improved ceramic honeycomb 
structural body which is capable of achieving a 
distinguished exhaust gas clarifying performance 
as compared to conventional honeycomb structural 
bodies. Specifically, in an operational state imme- 
diately after starting an engine, i.e., in the so-called 
cold start state, the exhaust gas clarifying effi- 
ciency undergoes a considerable deterioration be- 
cause the catalyst Is still not much warmed and 
hence it is not sufficiently activated. Thus, an early 
activation of the catalyst during the cold start state 
is considered as the most important task to clear 
the exhaust gas regulation. From such a viewpoint, 
as a general discussion, it has been proposed to 
reduce the thickness of the partition walls of the 
ceramic honeycomb structural body. The thin- 
walled ceramic honeycomb structural body serves 
on one hand to increase the open frontal area and 
thereby decrease the pressure loss and reduce the 
structure weight, and on the other hand to de- 
crease the heat capacity of the catalyst and en- 



hance the temperature elevation speed of the cata- 
lyst. In this case, a large geometric surface area of 
the honeycomb structural body can be obtained so 
that it is also possible to realize a compact struc- 

5 ture. However, the thin-walled ceramic honeycomb 
structure requires a careful handling because it is 
generally difficult to achieve a predetermined mini- 
mum guarantee value for the isostatic destruction 
strength as one index of the structural strength. 

10 Thus, damage of the catalyst carrier may be caus- 
ed during installation operation, that is so-called 
"canning" for mounting the honeycomb structural 
body in a catalyst converter casing so as to pre- 
vent movement of the honeycomb structural body 

75 due to vibration and the like in a practical use 
condition. In this connection, a typical canning 
method is to hold the honeycomb structural body 
from the outer peripheral surface thereof, though 
there may be instances wherein the honeycomb 

20 structural body is held either solely in the flow 
passage direction, or from the outer peripheral sur- 
face and also in the flow passage direction. There- 
fore, it is generally considered necessary for the 
above-mentioned minimum guarantee value to be 

25 no less than 5 kgf/cm^, preferably no less than 10 
kgf/cm^ in term of the isostatic destruction strength. 
Conventionally, a reduction of the partition walls in 
the ceramic honeycomb structure and an achieve- 
ment of a sufficient isostatic destruction strength 

30 have been recognized as problems of antinomy 
with each other, and there has not been known any 
ceramic honeycomb structure having a partition 
wall thickness of less than 0.170 mm, which can be 
put into practical use In a reliable and satisfactory 

36 manner. 

DISCLOSURE OF THE INVENTION 

Therefore, it is one object of the present inven- 

40 tion to provide a thin-walled ceramic honeycomb 
structural body having a preferable open frontal 
area and a sufficient isostatic destruction strength 
despite the thin partition walls. 

Another object of the present invention is to 

45 provide an improved ceramic honeycomb catalyst 
having a reduced heat capacity provided by a thin- 
walled ceramic honeycomb structural body with a 
sufficient isostatic destruction strength despite the 
thin partition walls. 

50 According to the present invention, there is 

provided a ceramic honeycomb structural body 
comprising an outer peripheral wall having a thick- 
ness of at least 0.1 mm, preferably 0.15 mm or 
more, and partition walls arranged Inside of the 

55 peripheral wall and having a thickness (t) within a 
range of 0.050 mm and 0.150 mm. a number of 
flow channels being defined by the peripheral wall 
and the partition walls and arranged adjacent to 
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each other with' the partition walls between neigh- 
boring flow passages, the flow passages having a 
polygoii^l cell-like cross-section and extending lon- 
gitudinally through the honeycomb structural body, 
the honeycomb structural body comprising a ce- 
ramic material having a true specific gravity and a 
porosity and satisfying at least one of the following 
formulae (1) and (2): 

0. 65 ^ OFA ^ -0.58 x t + 0.98 (1) 

k X {1 - (-0.58 X t + 0.98)} ^ G ^ k X 0.35 (2) 

wherein OFA and G are an ojDen frontal area and a 
bulk density of the honeycomb structural body, 
respectively, and k is a factor representing said 
true specific gravity multiplied by (1 - porosity); the 
honeycomb structural body having an A-axis com- 
pressive strength of no less than 50 kgf/cm^ and a 
B-axis compressive strength of no less than 5 
kgf/cm^, preferably 10 kgf/cm^ or more. 

The present invention also provides an Im- 
proved ceramic honeycomb catalyst comprising a 
catalyst carrier formed of a ceramic honeycomb 
structural body, and a catalytic substance carried 
by the honeycomb structural body, wherein the 
cerapnic honeycomb structural body includes all 
the above-mentioned novel features of the present 
invention. The catalyst according to the invention 
can have a heat capacity of no more than 450 kJ/K 
per unit volume of 1 m^ of the catalyst, preferably 
no more than 410 kJ/K per 1 m^. 

The "A-axis compressive strength", the "B-axis 
compressive strength" and the "isostatic strength" 
as used herein are indices of the compressive 
strength all defined in the JASO standard M505-87. 
an automobile standard issued by Corporation of 
Automobile Technology Association. Thus, the A- 
axis compressive strength refers to a destruction 
strength when a compressive load is applied in the 
flow passage direction of the honeycomb structure, 

1. e., in the direction perpendicular to the cross- 
section of the honeycomb structure. The B-axis 
compressive strength is defined as a destruction 
strength when a compressive load is applied in the 
direction parallel to the cross-section of the hon- 
eycomb structure and perpendicular to the partition 
walls. Further, the isostatic strength refers to a 
compressive destruction strength when an isostatic. 
namely isotropic hydrostatic load is applied to the 
honeycomb structure, and is represented by a 
pressure value when the destruction occurs. 

The A-axIs compressive strength Is not signifi- 
cantly affected by disorders of the honeycomb 
structure, such as deformation degree of the parti- 
tion wall and the like, but has a strong correlation 
with the material strength since the compressive 
load is applied in the flow passage direction. In 



contrast thereto, although the B-axIs compressive 
strength depends on the material strength, it Is 
more strongly affected by disorders of the hon- 
eycomb structure such as a deformation degree of 

5 the partition wall. This applies to the isostatic 
strength as well, so that any one of the isostatic 
strength and the B-axis compressive strength 
serves as an index of the strength characteristic of 
the structure. However, the B-axis compressive 

10 strength is measured in a state in which there is no 
peripheral wall, and is therefore free from any 
influence of the peripheral wall structure. 

Needless to say. the peripheral wall exhibits a 
function as an outer, shell to: protect th6. Inner 

76 honeycomb structure from an external pressure 
and to withstand the load during the canning at its 
outer peripheral surface. The peripheral wall bears 
an important role In this respect, because Its de- 
struction in many cases results in that the partition 

20 walls adjacent to the peripheral wall are acted by 
an abnormal load to start a chain of local destruc- 
tions. In this connection, when the extrusion mold- 
ing property of the honeycomb structural body is 
also taken into consideration, it is preferable for the 

26 peripheral wall thickness to be no less than 0.15 
mm. 

There is no clear correlation between the 
isostatic strength and the B-axis compressive 
strength, since the load application state is different 

30 and the generated stress distribution, too, is dif- 
ferent. However, there Is such a tendency that the 
higher the B-axis compressive strength is. the high- 
er the Isostatic strength Is. 

As described above, the A-axis compressive 

35 strength and the B-axIs compressive strength are 
basic Indices of the strength characteristic of the 
honeycomb structure, in that the A-axIs compres- 
sive strength mainly indicates the influence on the 
part of the material strength and the B-axis com- 

40 pressive strength indicates the influence on the 
part of the honeycomb structure. The Isostatic 
strength, in turn, indicates the practical structural 
strength characteristic and is expressed as a result 
of mutual Interrelation of the Influences of the ma- 

45 terial, the honeycomb structure, and the peripheral 
wall structure represented by the peripheral wall 
thickness. 

According to the present invention, the partition 
walls of the ceramic honeycomb structural body as 

60 the catalyst carrier for the ceramic honeycomb 
catalyst are constituted as the thin walls as com- 
pared with those already known in the prior art. It is 
therefore possible not only to increase the open 
frontal area and reduce the pressure loss, but also 

66 to reduce the heat capacity of the honeycomb 
structure as the catalyst carrier and hence that of 
the catalyst Itself. It is of course that the smaller 
the heat capacity of the catalyst is, the faster the 
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catalyst temperature elevates in the cold start state, 
thereby allowing the catalyst to be activated earlier 
so as to achieve an improved exhaust gas clarifica- 
tion performance. According to the present inven- 
tion, furthermore, the above-mentioned predeter- s 
mined conditions as expressed by the formulae (1) 
and/or (2) are satisfied between the thickness of 
the partition walls and the open frontal area and/or 
bulk density of the honeycomb structure, so that It 
is possible to realize practically satisfactory com- io 
pressive strength characteristics of the honeycomb 
structural body notwithstanding the thin-walled con- 
stitution. 

The constitution of the ceramic honeycomb 
structural body having the above-mentioned basic , 75 
features according to thie present invention is par- 
ticularly advantageous Ifrom practical view point, 
when the thickness t of the partition walls is no 
more than 0.124 mm, when the open frontal area 
OFA is no less than 0.70 or when the bulk density 20 
G no more than k x 0.30, due to the following 
reasons. Namely, when the honeycomb structure 
having the wall thickness t of no more than 0.124 
mm is used as the catalyst carrier, a particularly 
distinguished exhaust gas clarification performance 26 
can be achieved while realizing a practically sat- 
isfactory compressive strength characteristics. In 
addition thereto, when the open frontal area of the 
honeycomb structure is no less than 0.70 on the 
lower limit side or the bulk density G of the hon- 30 
eycomb structure is no more than k x 0.30 on the 
upper limit side, then it becomes possible to re- 
alize the satisfactory compressive strength char- 
acteristics while realizing an excellent pressure loss 
characteristic and the distinguished exhaust gas 35 
clarification performance. Further, since the weight 
of the honeycomb structural body is reduced, when 
it is used as the catalyst carrier In exhaust gas 
clarification systems for automobiles, it is possible 
to reduce the vehicle body weight of the auto- 40 
mobile and hence improve the fuel consumption 
characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

The present invention will be further explained 
in detail hereinafter with reference to the accom- 
panying drawings, in which: 

Fig. 1 is a perspective view showing the entire 
arrangement of the ceramic honeycomb struc- so 
tural body according to one embodiment of the 
present invention; 

Fig. 2 is a schematic view showing one example 
of the flow passages and the partition walls in 
the ceramic honeycomb structural body accord- 55 
ing to the present invention; 
Fig. 3 is a graph showing the relationship be- 
tween the open frontal area and the partition wall 



thickness of the ceramic honeycomb structural 
body; 

Fig. 4 is a graph showing the relationship be- 
tween the bulk density and the partition wall 
thickness of the ceramic honeycomb structural 
body; 

Fig. 5 is a graph showing the relationship be- 
tween the open frontal area and the deformation 
degree of the peripheral wall; 
Figs. 6A and 6B are explanatory views showing 
the mode of transfer of the honeycomb struc- 
tural body immediately after it has been ex- 
truded, and occurrence of the local deformation 
of the partition wall during the transfer. 
Fig. 7 is a graph showing the relationship be- 
tween the interval of the partition walls and the 
open frontal area of the ceramic honeycomb 
structural body; 

Fig. 8 is a diagram showing the measuring sys- 
tem for the pressure loss characteristic of the 
ceramic honeycomb structural body; 
Fig. 9 is a graph showing the pressure loss 
characteristic measured by the system of Fig. 8; 
Fig. 10 is a graph showing the change in the 
pressure loss in accordance with the change in 
the open frontal area, measured by the system 
of Fig. 8 with the air flow amount maintained 
constant; 

Fig. 1 1 is a diagram showing the testing system 
for the honeycomb structural body using an 
actual engine; 

Fig. 12 is a graph showing the engine output 
characteristic measured with the testing appara- 
tus of Fig. 11; 

Fig. 13A is a diagram showing the vehicle speed 
pattern based on the LA-4 mode as a repre- 
sentative example of the vehicle running test 
mode; 

Fig. 138 is a detailed diagram showing the 
vehicle speed pattern during the initial 505 sec- 
onds in the LA-4 mode; 

Fig. 14 is a graph showing the accumulated 
hydrocarbon discharge amount during the Initial 
505 seconds in the LA-4 mode; 
Fig. 15 is a graph showing the relationship be- 
tween the hydrocarbon discharge amount during 
the initial 505 seconds in the LA-4 mode and the 
partition wall thickness of the honeycomb struc- 
tural body; 

Fig. 16 is a graph showing the relationship be- 
tween the hydrocarbon discharge amount , and 
the catalyst heat capacity of the honeycomb 
structural body; 

Fig. 17 is a graph showing the relationship be- 
tween the clarification efficiency and the heat 
capacity of the honeycomb structural body for 
various exhaust gas components; 
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Fig. 18 is a graph showing the temperature 
change of various honeycomb structural bodies 
during the initial 505 seconds in the LA-4 mode; 
Fig. 19 is a graph showing the discharge 
amounts of various exhaust gas components s 
during the initial 505 seconds in the LA-4 mode; 
Fig. 20 is a diagram showing the definition of 
the center line of the partition wall in the hon- 
eycomb .structural body; 

Figs. 21 A, 21 B and 21 C are explanatory views io 
showing various modes of the bend deformation 
of the partition wall in the honeycomb structural 
body, and the deformation amounts for such 
deformation modes; 

Fig. 22 is a graph showing the relationship be- 75 
tween the isostatic strength and the maximum 
bend deformation amount (length ratio Lb/La) of 
the partition wall; 

Fig. 23 is a graph illustrating the occurrence 
frequency of the partition walls which have been 20 
subjected to the bend deformation in cross- 
section of a honeycomb structural body; 
Fig. 24 is a graph showing the relationship be- 
tween the isostatic strength and the proportion 
of the number of the partition walls having the 25 
length ratio Lb/La which is within the range be- 
tween 1.10 and 1.15, to the total number of the 
partition walls; 

Figs. 25A and 25B are explanatory views show- 
ing possible forms of the partition walls which 30 
have been subjected to the bend deformation; 
Fig. 26 is an explanatory view showing the 
crushed deformation amount of the partition 
walls of the honeycomb structural body having 
flow passages of square cross-section; 35 
Figs, 27A and 27B are explanatory views re- 
spectively showing the states before and after 
the crushed deformation of the partition walls of 
the honeycomb structural body having flow pas- 
sages of hexagonal cross-section; 40 
Fig. 28 is a graph showing the relationship be- 
tween the isostatic strength and the length ratio 
Lmax/Lmin of the diagonal lines in the case of 
square cross-section of flow passages, with the 
partition wall thickness as the parameter; 45 
Fig. 29 is a graph showing the relationship be- 
tween the isostatic strength and the length ratio 
Lmax/Lmin of the diagonal lines in the case of 
hexagonal cross-section of flow passages, with 
the partition wall thickness as the parameter; so 
Figs. 30A and 308 are explanatory views show- 
ing the defective states of the partition walls in 
the honeycomb structural body having a square 
cross-section of flow passages; 

Fig. 31 is a graph showing the relationship be- 55 
tween the isostatic strength and the number of 
defective partition walls among the total partition 
wails, with the partition wall thickness as the 



parameter; and 

Fig. 32 is a graph showing the relationship be- 
tween the isostatic strength and the number of 
defective partition walls in the outer peripheral 
region, with the partition wall thickness as the 
parameter. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring npw to Fig. 1, there is shown a 
ceramic honeycomb structural body according to 
one embodiment of the present invention, which Is 
denoted as a whole by reference numeral 10. The 
honeycomb structural body 10 is provided with a 
peripheral wall 11 and partition walls 12 arranged 
inside thereof. The partition walls 12 define in the 
honeycomb structural body 10 a number of flow 
passages 1 3 in the form of cells of a polygonal 
cross-section, e.g., a triangular, square or hexag- 
onal cross-section. These flow passages 13 extend 
longitudinally through the honeycomb structural 
body 10, for passing therethrough a fluid, such as 
an exhaust gas of an internal combustion engine. 
The honeycomb structural body 10 may be round 
or circular in a cross-section perpendicular to the 
flow passage direction, as shown In Fig. 1. Alter- 
natively, the honeycomb structural body 10 may 
have a different cross-sectional shape, e.g., an oval 
cross-section with elongated circular or elliptic con- 
tour, or other non-circular cross-section. Honey- 
comb structural bodies with such cross-sectional 
shapes, per se, are known and practically used. 
Moreover, the honeycomb structural body 10 has a 
longitudinal axis extending in the direction of the 
flow passages 13, which may be either straight or 
bent in a conventional manner known, per se. 

The honeycomb structural body 10 according 
to the present invention can be suitably used, e.g., 
as a catalyst carrier in . exhaust gas clarification 
systems for automobiles. The honeycomb struc- 
tural body 10 may be an integrally extruded body 
consisting essentially of cordierite, mullite, alumina, 
silicon carbide, silicon nitride or zirconia. Advanta- 
geously, however, when the spalling resistance 
characteristic Is also taken into account, the hon- 
eycomb structural body 10 is an integrally extruded 
body consisting essentially of cordierite and having 
flow channels 13 of square cross-section. 

According to the present invention, when the 
honeycomb structural body 10 is used as a cata- 
lyst carrier, for example, the surface of the partition 
walls 12 is coated iriltially by a base material, such 
as 7-alumina or the like, by an amount of no less 
than 100 g/l with reference to a catalyst volume. 
Subsequently, a catalytic substance consisting es- 
sentially of at least one of noble metals among Ft, 
Rh and Pd is carried on the surface of the base 



5 



9 



EP0 636 410 A1 



10 



material,. by an amount of no less than 2 g/I with 
reference to the catalyst volurhe. In this case, the 
ceramic honeycomb catalyst comprising the hon- 
eycomb structural body 10 which has been coated 
with the base material and the catalytic substance, 
as described above, has a heat capacity which Is 
no more than 450 kJ/K. preferably no more than 
410 kJ/K, per 1 m^ of the catalyst. 

In accordance with the present invention, the 
ceramic honeycomb structural body 10 has an A- 
axls compressive strength which is no less than 50 
kgf/cm^, and a B-axIs compressive strength which 
is no less than 5 kgf/cm^, preferably no less than 
10 kgf/cm^. The thickness of the peripheral wall 11 
of the honeycomb structural body 10 is at least 0.1 
mm, and the thickness t (Fig. 2) of the partition 
walls 12 is within a range between 0.050 mm and 
0.150 mm. According to the present invention, fur- 
thermore, the open frontal area OFA and the bulk 
density Q of the honeycomb structural body 10 
satisfy the following formulae (1) and (2), respec- 
tively: 

0.65 ^ OFA ^ -0.58 x t + 0.98 (1) 

k X {1 - (-0.58 X t + 0.98)} ^ G ^ k X 0.35 (2) 

where k is a factor representing the true specific 
gravity of the ceramic material forming the hon- 
eycomb structural body 10, multiplied by (1 - ma- 
terial porosity). 

As known in the art, the open frontal area OFA 
and the bulk density G of the honeycomb structural 
body 10 have a complementary relationship with 
each other so that, if either one of them has been 
determined, the other can be determined by itself 
when the true specific gravity and the porosity of 
the material are known. 

The present invention is to define the particular 
relationships between the partition wall thickness t 
and the the open frontal area OFA and between the 
partition wall thickness t and the bulk density G as 
shown In Figs. 3 and 4, respectively, wherein the 
formulae (1) and (2) are satisfied in the hatched 
regions. The upper limit value (-0.58 x t + 0.98) of 
the open frontal area OFA in the formula (1) is an 
approximate expression based on a result of inves- 
tigations as shown in Fig. 5 in which the relation- 
ship between the open frontal area and the local 
deformations of the peripheral walls of various 
samples was investigated with the partition wall 
thickness t as the parameter, and the acceptability 
of these samples was judged according to the 
deformation degree. 

Namely, honeycomb structural bodies imme- 
diately after they have been extruded are conveyed 
to a subsequent step while being temporarily sup- 
ported on a pedestal with their outer peripheral 



surfaces in abutment with a substantially horizontal 
supporting surface of the pedestal, as shown in 
Fig. 6A. During such transfer, the honeycomb 
structural body is still soft and may thus be sub- 

5 jected to a local) deformation at the peripheral wall, 
as shown in Fig. 6B. With such a local deformation 
at the peripheral wall of the honeycomb structural 
body, deviated contact of the honeycomb structure 
may occur during the canning, or the partition walls 

10 in the vicinity of the locally deformed region of the 
peripheral wall may undergo a successive deforma- 
tion, thereby enhancing the probability of decrease 
in the isostatic strength and/or breakage of the 
honeycomb structure. 

76 Therefore, the acceptability of the honeycomb 

structural body has been judged taking into ac- 
count the deformation degree of the peripheral wall 
in relation to the open frontal area OFA of the 
honeycomb structure. As known in the art, an in- 

20 crease in the open frontal area OFA results In a 
decreased cell density, a decreased number of the 
partition walls forming the honeycomb structure 
and an increased intervals (cell pitch) of the parti- 
tion walls supporting the circumferential wall. The 

26 relationship between the open frontal area OFA and 
the partition wall interval in the honeycomb struc- 
ture is shown in Fig. 7. It can be clearly appre- 
ciated from Fig. 7 that, for any partition wall thick- 
ness, the partition wall interval rapidly increases at 

30 a certain open frontal area. Further investigations 
have been conducted on the relationship between 
the open frontal area OFA and the partition wall 
thickness t. As a result, it has been confirmed that 
the peripheral wall supported between the partition 

35 walls tends to deflect when the open frontal area 
OFA exceeds -0.58 x t + 0.98. It has been also 
confirmed that such deflection of the peripheral 
wall enhances the tendency of the local deforma- 
tion of the peripheral wall and successive deforma- 

40 tion of adjacent partition walls supporting the pe- 
ripheral wall, thereby significantly decreasing the 
isostatic strength of the honeycomb structural 
body. If the partition walls and the peripheral walls 
have ideally accurate shapes without deformations, 

46 application of an isostatic toad causes a compres- 
sive stress field to prevail in the honeycomb struc- 
ture. However, occurrence of the local deformations 
may give rise to generation of tensile stresses at 
the deformed regions, and the isostatic strength is 

60 then governed by the tensile stress and caused to 
rapidly decrease. 

Distinguished functional characteristics of the 
ceramic honeycomb structural body 10 and the 
ceramic honeycomb catalyst in accordance with 

55 the present invention, both satisfying the above- 
mentioned conditions, will be further explained 
hereinafter on the basis of various experimental 
results. 
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At: the OMtset, investigation has been conducted 
to ascehain the relationship between the pressure 
loss cH^aracteristic and the open frontal area of the 
ceramic honeycomb structural body 10 according 
to the present invention. Fig. 8 shows a measuring 
system 20 used for the measurement of the pres- 
sure loss characteristic of the honeycomb structural 
body. The measuring system 20 includes an air 
blower 21, a flow straightening section 22 and a 
measuring section 23. Measureme'nt with such a 
measuring system 20 has been carried out by 
arranging within the measuring section 23 an object 
whose pressure loss is to be measured, i.e., a 
honeycomb structural body 24, operating the blow- 
er 21 so that pressurized air is fed through the flow 
straightening section 22 and passed through the 
flow channels of the honeycomb structural body 
24, and measuring the pressure loss across the 
honeycomb structural body 24, i.e., the pressure 
difference between the upstream and downstream 
sides of the honeycomb structural body 24, by 
means of a manometer 25 which is in connection 
with the measuring section 23. Measurement of the 
pressure loss characteristic by means of the mea- 
suring system 20 has been carried out with respect 
to a series of ceramic honeycomb structural bodies 
each having a constant size (cross-section and 
volume) and a different open frontal area, by 
changing the air flow rate. 

The measurement of the pressure loss char- 
acteristic of the series of honeycomb structural 
bodies resulted in the data shown in Fig. 9, from 
which it can be clearly appreciated that the pres- 
sure loss increases with decrease in the open 
frontal area OFA. Fig. 10 further shows the change 
in the pressure loss of the same series of the 
honeycomb structural bodies, expressed in relation 
to change In the open frontal area OFA with the air 
flow amount maintained constant (5 m^/min). It can 
be appreciated from Fig. 10 that an incremental 
tendency of the pressure loss with reference to 
decrease in the open frontal area OFA becomes 
remarkable at an open frontal area of no more than 
70 %, particularly no more than 65 %. This reveals 
the desirability for the lower limit value of the open 
frontal area to be 65 % (= 0.65), preferably 70 % 
(= 0.70). 

Next, explanation will be made of the output 
characteristic of internal combustion engines as 
influenced by the ceramic honeycomb structural 
body 10 in accordance with the present invention, 
in particular the open frontal area OFA thereof. Fig. 
11 shows a testing apparatus 30 used for measur- 
ing the output of an actual internal combustion 
engine 31. which is comprised of a 6-cylinder gas- 
oline engine having a displacement of 3000 cc. and 
is followed by an exhaust manifold 32 having a 
length of 50 cm. A converter 33 equipped with a 



hoheycornb structural body (measurement object), 
Is arranged on the immediate downstream side of 
the exhaust manifold 32. An underfloor converter 
34 having a volume of 1700 cc and a muffler 35 
5 are connected on the downstream side of the con- 
verter 33. A dynamometers 36 is connected to the 
output shaft of the engine 31. Using this testing 
system 30, the engine output at the maximum 
output state of the engine 31 was measured by the 

10 dynamometer 36. The measurement was conduct- 
ed with respect to a group of converters 33 on the 
immediate downstream side of the exhaust mani- 
fold 32, which were equipped with respective cata- 
lyst carriers constituted by coramic honeycomb 

75 structural bodies having a constant size (volume 
1700 cc) and different open frontal area. The result 
of such measurement is shown in Fig. 12 from 
which it can be appreciated that a decremental 
tendency of the engine output with decrease in the 

20 open frontal area of the ceramic honeycomb struc- 
tural body becomes remarkable at an open frontal 
area of less than 70 particularly less than 65 %. 

Further explanation will be made hereinafter, 
with reference to exhaust gas clarifying perfor- 

26 mance achieved by an exhaust gas clarification 
system for autompbiles which is provided with a 
ceramic honeycomb catalyst Including the ceramic 
honeycomb structural body 10 according to the 
present invention. 

30 As known in the art, it is a general practice to 

perform the exhaust gas measurement of actual 
vehicles in an operational state in accordance with 
a predetermined vehicle speed pattern which is 
defined by a particular test driving mode. As a 

35 representative example of such test driving mode. 
Fig. 13A shows a diagram of the vehicle speed 
pattern of the LA-4 mode, and Fig. 13B shows the 
detailed vehicle speed pattern during the initial 505 
seconds in the LA-4 mode. 

40 A test vehicle with a 6-cylinder gasoline engine 

having a displacement of 2500 cc was used to 
perform the exhaust gas measurement in an oper- 
ational state in accordance with the vehicle speed 
pattern of the LA-4 mode, with respect to a series 

45 of catalytic converters sequentially connected on 
the immediate downstream side of the exhaust 
manifold of the exhaust gas system. These con- 
verters include respective ceramic honeycomb 
catalyst carriers each being of same size or volume 

60 and cell density, i.e., 1200 cc and 60 cells/cm^, and 
a different partition wall thickness. For each such 
converter, accumulated discharge amount of hy- 
drocarbon (HO) was measured during the initial 505 
seconds of the LA-.4 mode. The data obtained by 

65 such measurement is shown in Fig. 14 from which 
it can be appreciated that a reduction in the parti- 
tion wall thickness results in decreased discharge 
amount of hydrocarbon. 
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Fig. 15 shows the discharge amount of hy- 
drocarbon during the initial 505 seconds in the LA- 
4 nnode, the data of which has been obtained with 
respect to the same series of converters as men- 
tioned above. It can be appreciated from Fig. 15 
that a reduced partition wall thickness results in a 
decreased hydrocarbon emission amount, and 
such a decremental tendency becomes remarkable 
at a , partition wall thickness of no more than 0.124 
mm. 

Further investigation has been conducted to 
ascertain the relationship between the discharge 
amount of hydrocarbon and the heat capacity of 
the catalyst. The data obtained by such investiga- 
tion is shown in Fig. 16 from which it can be 
appreciated that a reduction in the heat capacity 
results in a decreased hydrocarbon emission 
amount, and such a decremental tendency be- 
comes remarkable at a heat capacity of no more 
than 450 kJ/m^, preferably no more than 410 
kJ/m3. 

Still further investigation has been conducted to 
ascertain the relationship between the heat capac- 
ity of the catalyst and the clarification efficiency for 
each emission component (NOx, CO, HC) until the 
so called "Bag A2 peak" is reached. The data 
obtained by such investigation is shown In Fig. 17 
from which it can be appreciated that a reduced 
heat capacity results in an increased cleaning effi- 
ciency for each emission component, and such an 
incremental tendency also becomes remarkable at 
a heat capacity of no more than 450 kJ/m^, prefer- 
ably no more than 410 kJ/m^. 

As known in the art, the performance of the 
exhaust gas clarification system for automobiles in 
the cold start state is primarily determined by the 
quality of the temperature elevation characteristic 
of the catalyst carrier itself, and the clarification 
performance can be improved by a reduced bulk 
density of the catalyst carrier, hence by a reduced 
heat capacity of the catalyst. Thus, the temperature 
of the catalyst carrier during the Initial 505 seconds 
in the LA-4 mode was measured using a test 
vehicle with a 6-cylinder gasoline engine having a 
displacement of 2500 cc, with respect to a series 
of catalytic converters sequentially connected on 
the immediate downstream side of the exhaust 
manifold of the exhaust gas system. In this case 
also, each converter includes a ceramic honey- 
comb catalyst carrier of same size or volume and 
cell density, I.e., 1200 cc and 60 cells/cm^, and a 
different partition wall thickness. The temperature 
of each catalyst carrier was measured at a central 
portion of the carrier, which is spaced 15 mm from 
the exhaust gas inlet side. The data obtained by 
such measurement is shown in Fig. 18 from which 
it can be appreciated that a reduced partition wall 
thickness and hence a reduced bulk density of the 



catalyst carrier results in improvement in the tem- 
perature elevation characteristic of the carrier. It 
can be further recognized from Fig. 18 that metal 
honeycomb catalyst has a relatively low tempera- 

5 ture elevation rate than ceramic honeycomb cata- 
lyst. This is considered to result from the fact that 
metal has a higher heat conductivity than ceramics 
and thus provides a higher amount of heat dissipa- 
tion during the temperature elevation process than 

10 ceramics. 

Furthermore, the amounts of various emission 
components (NOx, CO, HC) emitted during the 
initial 505 seconds in the l-A-4 mode were mea- 
sured using a test vehicle with a 6-cylinder gaso- 

75 line engine having a displacement of 2500 cc, with 
respect to a series of honeycomb catalytic convert- 
ers sequentially connected on the immediate down- 
stream side of the exhaust manifold of the exhaust 
gas system. These converters were equipped with 

20 ceramic honeycomb catalyst carriers and a metal 
honeycomb catalyst carrier, respectively. The data 
obtained by such measurement is shown by the 
bar graph in Fig. 19 from which it can be appre- 
ciated that the ceramic honeycomb catalyst car- 

25 riers are superior in the exhaust gas clarification 
performance than the metal honeycomb catalyst 
carrier. 

As described above, the ceramic honeycomb 
structural body 10 according to the present inven- 

30 tion has an A-axis compressive strength of no less 
than 50 kgf/cm^ and a B-axis compressive strength 
of no less than 5 kgf/cm^. The inventors conducted 
thorough investigations and experiments, aiming at 
Improvement in the compressive strength charac- 

35 teristics of the ceramic honeycomb structural body. 
As a result, it has been confirmed that deformation 
or defects which may occur in the partition walls 
during the production stage of the honeycomb 
structural body significantly causes the compres- 

40 sive strength to decrease. The inventors further 
reached a recognition that, in order to realize an 
excellent compressive strength characteristics not- 
withstanding a thin-walled structure of the ceramic 
honeycomb structural body, it is of particular im- 

45 portance to maintain the degree of the deformation 
of the partition walls and discontinuity or the like 
defects within quantitatively predetermined ranges, 
respectively. 

First of all, explanation will be made of a bend 

50 deformation of the partition walls as one mode of 
possible deformation thereof. There may be in- 
stances wherein bend deformation occurs, e.g., at 
the inside of a ceramic honeycomb structural body, 
though the bend deformation tends to occur more 

55 frequently at a region of a partition wall in the 
vicinity of its junction to the peripheral wall. The 
bend deformation can be recognized, e.g., as a 
bend or curvature of the partition walls by observ- 
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ing the honeycomb structural body from the flow 
passage direction. 

With reference to a unit partition wall, i.e., that 
portion of a partition wall which forms an arbitrary 
flow passage In the honeycomb structural body 
and which may have been subjected to a bend 
deformation Into an arcuate shape, for example, it 
is' particularly convenient to define the center line 
of the unit partition wall so as to enable a quantita- 
tive evaluation of the degree of the bend deforma- 
tion. Specifically, as shown in Fig. 20, the center 
line of the unit partition wall can be defined as a 
line which passes through centers of circles In- 
scribing both sides of that partition wall. Between 
any two pints on such center line which are spaced 
from each other by a linear distance La, the center 
line has an actual length Lb which is always greater 
than the distance La when the partition wall has 
been subjected to the bend deformation. Thus, the 
degree of the bend deformation can be expressed 
in terms of the length ratio Lb/La as exemplified in 
Fig. 21 A. The two points on the center line for 
calculating the length ratio LB/LA are selected such 
that the length ratio Lb/La becomes maximum. As 
for the configuration of the bend deformation, be- 
sides a deformation into an arcuate shape wherein 
the partition wall is bent over the entire length, 
there are also instances wherein the center line of 
the partition wall is comprised of two straight line 
segments joined to each other at an angle, or the 
partition wall is bent only locally, as shown in Fig. 
21 B and Fig. 21 C, respectively. 

According to the present invention, for substan- 
tially all the partition walls in the honeycomb struc- 
ture, it is advantageous to maintain the length ratio 
Lb/La within a range between 1 and 1.10, and to 
ensure that the number of the partition walls having 
the length ratio Lb/La within a range between 1.10 
and 1.15 is no more than 1 % of the total number 
of the partition walls. 

Fig. 22 is a graph showing the relationship 
between the isostatic strength and the deformation 
amount, i.e., the maximum value of the length ratio 
Lb/La in the partition walls of one ceramic hon- 
eycomb structural body. Before performing an 
isostatic destruction test, the length ratio Lb/La was 
measured in advance, with respect to each partition 
wall which had been subjected to a large deforma- 
tion and therefore predicted to become a destruc- 
tion point. The isostatic destruction test was then 
performed with respect to a series of honeycomb 
structural bodies which are different in the partition 
wall thickness, so as to investigate the relationship 
between the isostatic strength and the length ratio 
Lb/La of the partition wall at the destruction point. 
Each honeycomb structural body subjected to such 
isostatic destruction test is of a standard size hav- 
ing a round shape with an outer diameter of ap- 



proximately 100 mm. In Fig. 22, the curve oh the 
upper side shows the data for a relatively thick 
partition wall and the curve on the lower side 
shows the data for a relatively thin partition wall. It 

5 has been revealed by such investigations that the 
isostatic strength tends to rapidly increase when 
the length ratio Lb/La decreases to 1.10 or less. 

Fig. 23 is a graph showing the dispersion, In a 
statistical sense, of the length ratio Lb/La assumed 

10 by those partition walls in arbitrary cross-section of 
one honeycomb structural body, which had been 
subjected to bending deformation. This . graph 
schematically shows the frequency of various 
length ratio Lb/La assumed by such deformed parti- 

75 tion walls. It is apparent that the frequency in 
question is dependent on the length ratio Lb/La of 
such partition walls. There are of course ceramic 
honeycomb structural bodies wherein all the parti- 
tion walls have the length ratio Lb/La of 1.10 or 

20 less, and also ceramic honeycomb structural bod- 
ies which include partition walls having the length 
ratio Lb/La in excess of 1.10. 

Fig. 24 is a graph showing the relationship 
between the isostatic strength and the proportion 

26 (N7N) X 100 % in quantity occupied by the num- 
ber N' of the deformed partition walls each having 
a length ratio Lb/a which is within a range between 
1.10 and 1.15, with reference to the total number N 
of the partition walls. In Fig. 24, the curve on the 

30 upper side shows the data for a relatively thick 
partition wall, and the curve on the lower side 
shows the data for a relatively thin partition wall. It 
can be appreciated from this graph that the 
isostatic strength tends to rapidly increase when 

35 the above-mentioned quantity proportion decreases 
to 1 .0 % or less. 

The reasons for such a tendency of the 
isostatic strength may be explained as follows. 
That is to say, an increased quantity proportion of 

40 the deformed partition walls often results in a high- 
er probability of the occurrence of clusters wherein 
two or more deformed partition walls are located in 
succession as shown in Fig: 25A. In this instance, 
considerably deformed partition walls may be sltu- 

45 ated adjacent to each other. The honeycomb struc- 
tural body with the above-mentioned clusters of the 
deformed partition walls is in clear contrast in 
terms of the local structural strength, with the hon- 
eycomb structural body wherein deformed partition 

60 walls are dispersed with an intervening distance 
from each other as shown in Rg. 25B. That is to 
say. when the deformed partition walls are clus- 
tered, the cell-like flow channels tend to be more 
readily crushed and the structural strength tends to 

55 decrease. Furthermore, in the case of an isostatic 
destruction test with respect to the honeycomb 
structural body wherein the deformed partition 
walls are clustered, the regions of the honeycomb 
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structurjal body having a decreased strength be- 
come the destruction points to lower the isostatic 
strength ^s well. 

It has,. been confirmed that, when the above- 
mentioned quantity proportion of the deformed par- 
tition walls exceeds 1.0 %. the clusters of such 
deformed partition walls tend to be formed with a 
higher probability, thereby lowering the* Isostatic 
strength. On the contrary, when the quantity pro- 
portion of the deformed partition walls is 1.0 % or 
less, the clusters of such deformed partition walls 
tend to be formed with a lower probability, and this 
results in a dispersion of the deformed partition 
wails to provide a higher local structural strength 
and hence a higher isostatic strength. 

In the next place, explanation will be made of a 
crush deformation of the partition walls as another 
mode of possible deformation thereof. As distin- 
guished from the above-mentioned bend deforma- 
tion of the partition walls, the crush deformation 
occurs as a change in the intersection angle be- 
tween adjacent unit partition walls forming a cell- 
like flow passage. Thus, for example, in the case of 
flow passages with a square cross-section, the 
crush deformation occurs as transformation of a 
rhombic cross-section of the flow passage. In this 
case, as shown in Fig. 26, any flow passage in the 
honeycomb structural body m^y be deemed to 
have lattice points each defined by a center of the 
maximum inscribed circle inscribing at least three 
corners at an intersection of adjacent unit partition 
walls. Then, with reference to diagonal lines con- 
necting opposite pairs of such lattice points, re- 
spectively, the degree of the crush deformation of 
the partition walls can be conveniently quantified 
by a length ratio Lmax/l-min of the maximum diag- 
onal line length Lmax to the minimum diagonal line 
length L^in. 

Advantageously, the above-mentioned length 
ratio Lmax^Lmin is within a range between 1 and 1 .73 
in the case of square cross-section of the flow 
passages shown In Fig. 26, and within a range 
between 1.15 and 1.93 in the case of hexagonal 
cross-section of the flow passages shown in Fig, 
27A and Fig. 27B. Graphs shown in Fig. 28 and 
Fig. 29 illustrate the relationship of the length ratio 
Lmax/Lmin and the isostatic strength with reference 
to square cross-section and hexagonal cross-sec- 
tion of the flow passages, respectively, with the 
partition wall thickness as a parameter. In Fig. 28 
and Fig. 29, the curves on the upper sides show 
the data for relatively thick partition walls, and the 
curves on the lower sides show the data for rela- 
tively thin partition walls, respectively. It can be 
appreciated from these graphs that the isostatic 
strength rapidly tends to rapidly increase when the 
length ratio Lmaj/Lmin Is reduced to 1 .73 or less in 
the case of square cross-section of the flow pas- 



sage, or reduced to 1.93 or less in the case of 
hexagonal cross-section of the flow passage. 

Besides the above-mentioned bend and crush 
deformations of the partition walls, the isostatic 

5 strength of the ^ honeycomb structural body also 
tends to decrease when a gap Is formed in any 
cross-section of the honeycomb structural body, 
due to a discontinuity of the partition wall in the 
flow passage direction. There are shown In Fig. 

10 30A and Fig. 308 the shapes of the partition walls 
with such a discontinuity as observed in the flow 
passage direction. The discontinuity of the partition 
wall may occur at a position between the lattice 
points or at the lattice points, and the number of 

75 lacks in both cases Is counted to be 1 . 

According to the present invention, the number 
Ndt of the partition walls having a discontinuity in 
the flow passage direction to form a gap in any 
cross-section of the honeycomb structural body is 

20 advantageously no more than 1.0 % of the total 
number N of the partition walls in the honeycomb 
structural body. Furthermore, with reference to an 
outer peripheral region of the honeycomb structural 
body including Inner 20th flow passages as cqunt- 

25 ed from the outermost periphery of the honeycomb 
structural body, the number Noao of the partition 
walls included In that region and having a dis- 
continuity in the flow passage direction to form a 
gap in any cross-section of the honeycomb struc- 

30 tural body is advantageously no more than 0.5 % 
of the total number N of the partition walls in the 
honeycomb structural body. 

Fig. 31 and Rg. 32 are graphs showing the 
relationship between the isostatic strength and the 

36 number No, Nd2o of the partition walls having a 
discontinuity, respectively, with the partition wall 
thickness as the parameter. In Fig. 31 and Fig. 32, 
the curves on the upper sides show the data for 
relatively thick partition walls, and the curves on 

40 the lower sides show the data for relatively thin 
partition walls, respectively. It can be appreciated 
from Fig. 31 that the isostatic strength rapidly 
tends to rapidly increase when the proportion 
(Ndt/N) X 100 % occupied by the number No of 

45 the discontinuous partition walls with respect to the 
total number N of the partition walls in the hon- 
eycomb structural body as a whole Is reduced to 
1.0 % or less. Further investigations were con- 
ducted to ascertain the relationship between the 

50 Isostatic strength and the location of the discontinu- 
ity of the partition walls, taking into consideration 
the number of the partition walls included in the 
above-mentioned outer peripheral region of the 
honeycomb structural body and having a dlscontl- 

66 nuity In the flow passage direction. As can be 
appreciated from Fig. 32, such investigation reveals 
that the isostatic strength tends to rapidly increase 
when the proportion (Nd2o/N) x 100 % occupied by 

10 
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the number Nd2o of the discontinuous partition 
walls in the outer peripheral region of the hon- 
eycomb structural body with respect to the total 
number N of the partition walls in the honeycomb 
structural body as a whole Is reduced to 0.5 % or 
less. 

It should be noted that all the data of the 
isostatic strength explained above with reference to 
the drawings are those obtained from the hon- 
eycomb structural body having the cell-like fiovy 
passages of a square cross-section and a round 
outer shape. However, it is also possible to achieve 
essentially same functions and advantages by hon- 
eycomb structural bodies having flow passages of 
triangular or hexagonal cross-section and by hon- 
eycomb structural bodies of oval outer shape, pro- 
vided that the above-mentioned conditions of the 
present invention are satisfied. 

It will be appreciated from the foregoing de- 
tailed description that the present Invention a thin- 
walled ceramic honeycomb structural body with a 
reduced partition wall thickness as compared with 
that of the prior art structure, making it possible to 
realize an increased open frontal area and a re- 
duced pressure loss, and to thereby decrease the 
heat capacity of the honeycomb structui'al body 
when it is used as the catalyst carrier. According to 
the present Invention, furthermore, it is also possi- 
ble to provide a ceramic honeycomb structural 
body having practically satisfactory compressive 
strength characteristics notwithstanding the thin- 
walled structure, by satisfying the particular rela- 
tionships between the partition wall thickness and 
the open frontal area and/or bulk density of the 
ceramic honeycomb structural body, and quantita- 
tively maintaining the specifically defined ranges of 
the degree of deformation, and the number of dis- 
continuity or the like defects, which may occur in 
the partition walls in the production stage of the 
ceramic honeycomb structural body. 

While the present invention has been de- 
scribed with reference to certain preferred embodi- 
ments, they were given by way of examples only. 
Various changes and modifications may be made 
without departing from the scope of the present 
invention 

Claims 

1. A ceramic honeycomb structural body com- 
prising an outer peripheral wall having a thick- 
ness of at least 0.1 mm, and partition walls 
arranged inside of the peripheral wall and hav- 
ing a thickness (t) within a range of 0.050 mm 
and 0.150 mm. a number of flow channels 
being defined by said peripheral wall and said 
partition walls and arranged adjacent to each 
other with said partition walls between neigh- 



boring flow passages, said flow passages hav- 
ing a polygonal cell-like cross-section and ex- 
tending longitudinally through said honeycomb 
structural body, said honeycomb structural 
5 body comprising a ceramic material having a 

true specific gravity and a porosity, and said 
honeycomb structural body satisfying at least 
one of the following formulae (1) and (2): 

10 0.65 ^ OFA ^ -0.58 x t + 0.98 (1) 

k X {1 - (-0.58 X t + 0.98)} G ^ .k x 
0.35 (2) 

75 wherein OFA and G are an open frontal area 

and a bulk density of the honeycomb structural 
body, respectively, and k is a factor represent- 
ing said true specific gravity multiplied by (1 - 
porosity); said honeycomb structural body fur-. 

20 ther having an A-axis compressive strength of 

ho less than 50 kgf/cm^ and a B-axis compres- 
sive strength of no less than 5 kgf/cm^. 

2. The ceramic honeycomb structural body ac- 
25 cording to claim 1 and satisfying the formula 

(1) . wherein the thickness (t) of said partition 
walls is no more than 0.124 mm and the open 
frontal area of the honeycomb structural body 
is no less than 0.70. 

30 

3. The ceramic honeycomb structural body ac- 
cording to claim 1 and satisfying the formula 

(2) , wherein the thickness (t) of said partition 
walls is no more than 0.124 mm and the bulk 

35 density G of the honeycomb structural body is 

no less than k x 0.30. 

4. The ceramic honeycomb structural body ac- 
cording to claim 1, 2 or 3 wherein each unit 

40 partition wall in the cross-section of the hon- 

eycomb structural body has opposite sides 
and a center line passing through centers of 
circles inscribing both sides of the partition 
wall, and wherein a center line length (Lb) 

45 measured between any two points along said 

center line has a ratio to a linear distance (La) 
between said two points, said ratio (Lb/La) be- 
ing within a range between 1 and 1.10. 

50 5. The ceramic honeycomb structural body ac- 
cording to any of claims 1 to 4 wherein each 
unit partition wall in the cross-section of the 
honeycomb structural body has opposite sides 
and a center line passing through centers of 

55 circles inscribing both sides of the partition 

wall, and wherein the partition walls of a num- 
ber which corresponds to no more than 1 % of 
all the partition walls have a ratio of a center 
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line .length (Lb) measured between any two 
points along , said center line to a linear dis- 
tance ^La) between said two points, said ratio 
(Lb/Lai) being within a range between 1.10 and 
1.15. 6 

6. The ceramic honeycomb structural body ac- 
cording to any of claims 1 to 5 wherein each 
cell defining a flow passage in the cross-sec- 
tion of the honeycomb structural body has io 
lattice points each defined by a center of the 
maximum inscribed circle inscribing at least 
three corners at intersections of adjacent unit • 
partition walls, a first pair of opposite lattice 
points being connected by a first diagonal line i5 
of the maximum length (L^ax). and a second 

pair of opposite lattice points being connected 
by a second diagonal line of the minimum 
length (Lmin),said maximum length having a 
ratio (Lmax/i-min) to Said minimum length, which 20 
is within a range between 1 and 1.73 in the 
case of flow passages of a square cross-sec- 
tion, and within a range between 1.15 and 1.93 
in the case of flow passages of a hexagonal 
cross-section. 25 

7. The ceramic honeycomb structural body ac- 
cording to any of claims 1 to . 6 wherein the 
partition walls of a number corresponding to no 
more than 1 % of all the partition walls in the 30 
cross-section of the honeycomb structural 
body have defects which form cross-sectional 
gaps in said honeycomb structural body. 

8. The ceramic honeycomb structural body ac- 35 
cording to any of claims 1 to 7 wherein said 
honeycomb structural body has an outer pe- 
ripheral region including inner 20th cells count- 
ed from an outermost periphery of the hon- 
eycomb structural body, the partition walls 40 
having defects which form cross-sectional 
gaps in said honeycomb structural body and 
included in said outer circumferential region 
being of a number corresponding to no more 
than 0.5 % of all the partition walls in the 45 
cross-section of the honeycomb structural 
body. 



11. The ceramic honeycomb structural body ac- 
cording to any of claims 1 to 10 wherein the 
flow passages are of square cross-section, 
said honeycomb structural body comprising 
cordierite aqd being for a catalyst carrier in an 
exhaust gas clarification system for auto- 
mobiles. 

12. The ceramic honeycomb structural body ac- 
cording to any of claims 1 to 11 comprising at 
least one member selected from the group 
consisting of mullite, alumina, silicon carbide, 
silicon nitride and zirconia. 

13- A ceramic honeycomb catalyst comprisinjg a 
catalyst carrier formed of a ceramic honey- 
comb structural body, and a catalytic sub- 
stance carried by said honeycomb structural 
body, said honeycomb structural body being 
according to any one of claims 1 to 12; and 
said catalyst having a heat capacity of no more 
than 450 kJ/K per 1 m^ of the catalyst. 

14. The ceramic honeycomb catalyst according to 
claim 13, wherein said honeycomb structural 
body satisfies the formula (1), said thickness of 
said partition walls being no more than 0.124 
mm, and the open frontal area of the hon- 
eycomb structural body being no less than 
0.70, and wherein the heat capacity of said 
catalyst is no more than 410 'kJ/K per 1 m^ of 
the catalyst. 

15. The ceramic honeycomb catalyst according to 
claim 13, wherein said honeycomb structural 
body satisfies the formula (2), said thickness of 
said partition walls being no more than 0.124 
mm, and the bulk density of the honeycomb 
structural body being no less than k x 0.30, 
and wherein the heat capacity of said catalyst 
is no more than 410 kJ/K per 1 m^ of the 
catalyst. 

16. The ceramic honeycomb catalyst according to 
claim 13, 14 or 15, which is for an exhaust gas 
clarification system for internal combustion en- 
gines. 



. 9- The ceramic honeycomb structural body ac- 
cording to any of claims 1 to 8 which has been so 
formed by an integral extrusion molding pro- 
cess. 



10. The ceramic honeycomb structural body ac- 
cording to any of claims 1 to 9 which is for a 55 
catalyst carrier in an exhaust gas clarification 
system for internal combustion engines. 



12 



EP 0 636 410 A1 



FIG. I 




FIG. 2 



12 

I L_i I 



13 




t 









i 1 



13 



EP 0 636 410 A1 



FIG. 3 



OFA a 58xt-tO. 998 




J I I 1 1 L 

12 3 4 5 6 

(=Q05mm} (=0./3mmJ 
Partition wall thickness t (ntm) 



FIG. 4 





^G=Kx0.35 




/////// 




G=Kx0.30^ 




■ 

I 
1 




\ 1 

6=Kx{H'Q58xt±OS9a)] 

1 

1 1 1 1 1 



2 3 4 5 6 
(=0.05mm) (=0.13 mm) 

Partition wall thickness t (mm) 



14 



EP 0 636 410 A1 



FIG. 5 



Ir 



0.9 



^ 0.8 



0.7 



O Acceptable 
A Non- acceptable 



-038xtt0.98 




0.05 O.I O.I5 

Partition wall thickness t (mm) 



15 



EP 0 636 410 A1 



FIG. GA 



JL 




FIG. 6B 




YTT? 



16 



JlP 6 ^6 416 A1 




EP 0 636 410 A1 



20 




18 



EP b 636 410 A1 



FIG^9 

Open frontal 
area OFA 




J ^ \ X 1 ..... . 

O LO 20 3D 4.0 50 6.0 
Air flow rafe (m^/min) 



19 



EP 0 636 410 A1 



FI6.IO 




ol ^ . ^ . 

60 70 80 90 lOO 

Open frontal area OF A (%) 



20 



EP d 636 410 A1 




21 



EP 0 636 410 A1 



FIG. I 2 




22 



EP b 636 4lb A1 

\ 



FIG.I3A 




I O 500 lOOO 2000 

Time (second) 



FIG.I3B 




Time (second) 



EP 0 636 410 A1 




O . <o c\i 00 ^ O 

^ ^ 

(6) junowD aSjDLfosip oh p9jD/nujnoo\/ 



24 



EP 0 636 410 A1 




25 



EP 0 636 410 A1 



1 



FIG. 1 6 




26 



EP 0 636 410 A1 



FIG^IT 




200 300 400 500 600 

Catalyst heat capacity (KJ/m^ K) 



27 



EP 0 636 410 A1 



FIG. 18 



Ceramic carrier . Ceramic carrier 

(Wall thickness 0J24mmJ (mil thickness O. l(>mm) 




I I I I i I I t t I t 
O 50 fOO 

Time (second) 



28 



EP 0 636 410 A1 



FIG. 19 



•5 0.7 

%\o.6 



0.7 
0.6 



§ 0.4 

§ i 0.3 






Ceramic 
carrier 

Wall 

thickness 
0.10 mm 




A 




'A 






21 



Ceramic 
carrier 

Wall 

thickness 
O.ISmm 




Metal 
carrier 

Wall 

thickness 
a05mm 



29 



EP 0 636 410 A1 



FIG^20 



FIG,2IA FIG2IB FIG.2IC 




I^Lb/La-^I.IO 



30 



EP 0 636 410 A1 



FIG^22 




I I.05 UO 1.15 



Maximum value of length ratio LB/ La 



EP0 636 410 A1 




Aouonbejj 



32 



EP 0 636 410 A1 




33 



EP 0 636 410 A1 



i i I I I 1 1 1 1 I I I 1 1 1 I 



// 



F/G.25A 



/3 




// 



/2 



"1 r 



1 r 



1 r 



I 1 i 1 I I i 1 11 i I 1 I i i 



F/6.25B 




1 r 



1 r 



34 



EP0 636 410 A1 



FIG. 26 



Lmin 




FIG.27A 



FIG.27B 




Lmax 



35 



EP 0 636 410 A1 



FIG. 28 




Length ratio Lmax/Lmfn 
(Square cells) 



36 



I 

^ 60 



EP 0 636 410 A1 



FIG. 29 



40 



20 

lO 
5 




/ 



1.5 

Length ratio Lmax/Lmin 
(Hexagonal cells) 



FIG.30A FIG.30B 




77-7- 



V7 



EP 0 636 410 A1 



FIG. 3 1 




L 1 L_ L_ 

o 0.5 / rs 

(Nd/N) X IOO% 



38 



EP 0 636 410 A1 



FIG. 32 




J ■ L 



0.5 

(Nd20/N} X /00% 



39 



ApplicatioD NumlMr 

EP 94 30 2077 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Rdevant 
to daim 



CLASSmCATION OF THE 
APPUCATION ant.CL6) 



EP-A-0 241 269 (NGK INSULATORS) 

* page 3, line 6 - line 8 * 

US-A-4 955 524 (T. WAY) 

* column 5, line 60 - line 65 * 



B01J35/04 



TECHNICAL FI£U>S 
SEARCHED aBt.a.6) 



BOIJ 



The present search report has hcen drawn up for all claims 



THE HAGUE 



Dil« of mm^UOam of tht ttmtk 

16 November 1994 



Thion, M 



CATEGORY OF QTED DOCUMENTS 

X : partlculariy relevant If taken alone 

Y t particulariy rdevant If combined with another 

document of the sane category 
A : technological background 
O : non-Mrfttcn disclosure 
P : tntemedlate document 



T : theory or principle underlying tfie Invention 
E : tzxlier patent document, but published on, or 

after the filing date 
D : document dtcd In the application 
L : document dted for other rcuons 

A : member of the sane patent family, coircsponding 



